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Abstract
@

BACKGROUND: Ischemia preconditioning (IPC) is known as a protective proce‘Xlgainst the
injury induced by ischemia/reperfusion (IR) injury. There is also evidence thaﬂ ixiistration
of opioids may have the same effects on the injury. \

y

OBJECTIVES: The aim of this study was to investigate the amelior@tiveleffects of simultaneous

\’

use of opium and IPC on lobar IR injury in the rat liver. \

METHODS: Twenty-five adult male rats were randoml\y diVided\mt%S groups: 1) sham-operated,
2) IR, 3) IR+IPC, 4) opium+IPC+IR, and 5) naloxonet+opium+IPC+IR. At the end of the
reperfusion, blood and tissue samples were obtam@ alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in the M)d Ul as determining oxidative stress by
measuring malondialdehyde (MDA), to antMnt capacity (TAC), superoxide dismutase

(SOD) and catalase (CAT) activitiesQ er’sues.
>

RESULTS: The levels of dg\/IDA were significantly increased in the IR group

significantly decreased the re f these enzymes, while the simultaneous application of opium

compared to the sham- O&Ta i&P<O .05). However, the application of IPC and IPC+opium
and IPC had a stronger resterative effect on the IR injury (P<0.05). The recovery effects induced

by 0p1um+I mn M TAC, SOD and catalase were also higher than that of the IPC alone.
However, loxone significantly inhibited the protective effects induced by the opium.
XSI(}{ It can be concluded that the simultaneous use of opium and IPC is able to

accelerate the protective effects of IPC on the IR injury.
2
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1. Introduction h \

\
Ischemia, the lack of blood flow to an organ, can cause malfunction of v io%s in the body.
Blood clots, vasoconstriction, embolism, tumors, congenital di rderé’,’ andjsurgery are among the
factors that contribute to the blockage of vessels and the occé of 1S em‘;:However, there is
evidence that removing the blockage and restoring bloed flow p@radoxically causes more tissue
damage known as reperfusion injury (Ye et al., 202 tbitabaP ef al., 2022; Nazari et al.,
2024). Ischemia-reperfusion injury (IRI) in liver i mombclinical phenomenon reported in

many conditions such as trauma and liver tvpla ntation. After reperfusion, inflammatory cells,

including neutrophils, appear through che tax1 ase various pro-inflammatory cytokines,
including tumor necrosis factor-alpha T ter eukm 1B (IL-1B), and other local mediators
(Wang et al., 2020). These cytoku;e ce the increased presence of other immune cells such as

CD4+ T lymphocytes. Neutr ﬁlls als tlmulate the release of reactive oxygen species (ROS),
which can disrupt the ba etwe\the oxidant and antioxidant systems in the body (Wu et al.,
2018). An increase m C law S levels causes oxidative stress, which has been implicated in
the induction of § eral types of tissue damage (Soares et al., 2019). Various procedures,
including ischemi Mltlonmg (IPC) as a surgical technique and the use of antioxidants as a
ph &i&oﬁ&re used to reduce the IRI induced by oxidative stress (Lin et al., 2019).
Isc&con‘tiomng may enhance antioxidant effects and reduce inflammation caused by



ischemia-reperfusion in the liver. One study showed that the protective effect of post-conditioning

against IRI may be due to a reduction in inflammation and oxidative stress (Afsh£ et al.,2023).

IPC, as an important organ protection method, is applied by repeated shonb&nemia and
reperfusion periods before long-term ischemia and reperfusion. The purpose o aEplying h’C is to

16). There is
evidence that the application of IPC can have a protective a il\variouwgans such as the
2019). \a study conducted by

provide organ tolerance to IR injury induced by oxidative stress (Z%b et

brain, heart, kidney, and liver (Annachhatre & Annachhat
Stokfisz et al. (2017), it was found that the applicah of IPClin any way to the liver under
transplantation significantly reduced the IRI as shown by the reduction of liver enzymes, ROS,
inflammation and apoptosis. It is also shown that w to‘mhibit inflammation by reducing
various inflammatory cytokines, including T‘an interleukins, which leads to the prevention of

oxidative stress by increasing the activity antichts (Stokfisz et al., 2017).

The use of appropriate exogenous} 2 @' antsi another method of reducing IRI by preventing
the production of ROS that Oecurs

'th'the onset of reperfusion. There is evidence that
administration of bucillamine. in t\early stages of reperfusion can significantly inhibit the
severity of IR injury in the s&nnted liver (Amersi et al., 2002). Gross et al. (2009) observed
that opioids may be@eful as gltioxidants and may also play a role in the protective mechanism of

IPC. The role ©fthe Wpioid receptor (6-OR) in the protective effects of IPC has been reported
&iga s (Dragasis et al., 2013). It has been shown that the use of naltrinol as an

by seven\n

opio ntago‘;t for delta receptors, inhibited the effect of methadone and morphine to reduce the

size of myeeardial infarction induced by reperfusion (Gross et al., 2009). It has also been shown



that agonist stimulation of delta receptors may be associated with antioxidant effects
(Yarahmadzehi et al, 2020). Furthermore, Jian et al. (2019) found that Qifferent opioid
compounds such as berberine, papaverine, morphine, and protopine have the p ial to show

antioxidant and anti-inflammatory effects. Therefore, we hypothesized here tl'm simultaneous
use of opium and IPC can accelerate the protective effects against isch‘nﬁwm'ﬁn—induced

injury in the rat liver. &
o 4 .
\N ¢
2. Materials and Methods %
Animals and experimental groups 0 s\

Twenty-five adult male Wistar rats weighi&OOWr were obtained from the institutional

animal facility. Animals were maintain undeNlZ-hour dark-light cycle in a temperature-

controlled environment (24+£2°C) w, rdhow and water ad libitum, and all experiments
>

were performed according to the standard Qrocedures outlined in institutional guidelines. Rats

were randomly divided into *e exl\imental groups as follows:

1. Control (sham-o?rzgd) g\:p\.After anesthesia, laparotomy was performed and the liver was
m

exposed, no ischemia wasmestablished, and after the abdomen was closed, the animal was left in

normal cfi M) minutes.
2. rng: t(l)lhroup, 60 minutes of ischemia and then 120 minutes of reperfusion were

pe ed in the anesthetized rat.



3. IPCH+IR group: The IPC was applied by a cycle of 10 minutes of ischemia followed by 10
minutes of reperfusion, and then the liver was exposed to 60 minutes of is&emia plus 120
minutes of reperfusion. \

.

4. Opium+IPC+IR group: 15 min before IPC induction, 30 mg/kg opium was injected IP and then
the procedure was performed as in group 3.

5. Naloxone+Opium+IPC+IR group: The procedure performed on the rat in this group was the
same as in group 4 except that 15 minutes before opium injection, 3 mg/kg naloxone

(Toliddarou Co, Iran) was injected IV into the rats.

Opium was obtained from the Police Anti-Drug ]m\anzlyzed for purity and constituents
using the GC mass spectrometry method. TMbta' ed opium contained about 30% of alkaloids
(morphine 15%, thebaine 4.4%, codeinﬁ%w papaverine 3.7%) and the rest were non-

alkaloid organic and inorganic subst 135% water (moisture).
g Q b

Surgical procedure fo *C‘I{hR and application of IPC

Before each experi&nt, the rat was fasted for approximately 15 h and then anesthetized with 80
mg/kg ketami (AIW\I etherlands) plus 5 mg/kg xylazine (Alfasan, Netherlands) prepared as

cockta &jec\ IP. After administration of 300 units of heparin to each rat through the
m

Nﬁin, ‘aparotomy was performed. The method used to induce lobar IR was previously
described'by-Arab et al. (2009). Briefly, the liver was exposed by cutting the ligaments attached to

a
fe



the ventricular wall. To induce warm lobar ischemia, the portal vein, hepatic artery, and bile duct
were clamped with a microvascular clamp for 60 minutes. After removal of the cgmp, reperfusion
was started and continued for 120 minutes. IPC was applied by a cycle of 10 min of ischemia

followed by 10 minutes of reperfusion before performing prolonged (60 minutmwmi§

Sampling - ‘ \\ 4

At the end of the reperfusion period, blood was collecte@ tm ats' hearts using a 5 ml
disposable syringe. The blood samples were centrifuged at 25{0 rpm for 10 minutes, and the
serum was separated and then frozen at -20°C until an for alamine aminotransferase (ALT)
and aspartate aminotransferase (AST). After blood g, h‘rats were euthanized by injection
of a large dose of thiopental, and tissue s ﬁ
middle lobes of the liver. These samples w:go reezer at -70°C. The latter were used to
measure the amount of malondialdehyde' (MD ,\‘tal antioxidant capacity (TAC), superoxide
dismutase (SOD) and catalase (CA>T 'ties.y

j

immediately collected from the left and

Assay of enzyme release

An Alan Eppendorf (G &)analyzer system was used to measure the release of ALT and
AST from hepatoc”s erum samples were thawed and an autoanalyzer was used to measure
ALT and ASQ gwrucal u calibrator. When all the necessary solutions for measuring the
enz the device was set to perform the analysis through the computer and then

m lev‘s of these enzymes were measured using the commercial kits of Byrex (Fars Co.,
Iran)



Oxidant/antioxidant assessment

¢
The liver samples taken from the both left and median hepatic lobes were used to ﬁnine TAC,
e

MDA, and the activity of the SOD and CAT in the liver. The level of MDA w, 0 estimate
the amount of lipid peroxidation in the liver exposed to different treatments. mDA level was
measured according to the method developed by Placer et al. (196‘. N k{ng reagent
solution was 20% trichloroacetic acid (TCA) (Merck, Ge aﬂd 0.6%jthiobarbituric acid
(TBA) (Merck, Germany) in 0.25N hydrochloric acid“(HCL) (wrck Germany). The
homogenized tissue sample was mixed with a working selution and p‘laced in a boiling water bath
for 30 minutes. After cooling, it was centrifuged at 5 rpm for 5 minutes and then the
absorbance of the supernatant was measured atw sil?g a spectrophotometer (Biotech,
USA). The activity of SOD was estimated Mhe ethod developed by Kono (1978), which is
based on a color reaction and the ability OMnhlblt the formation of superoxide radicals.
The TAC of tissue samples was e cgding to the method developed by Benzie and
Strain (1999). This method is l;ak the'eduction of ferric TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-
triazine) complex to ferro er acidic conditions. The absorbance of the blue colored
solution obtained from a f the latter complex was measured spectrophotometrically
(Biotech, USA) at c \\

by the method of Korohuk et al. (1988). Tris-HCI buffer (0.05 mmol/L, pH 7.8, Merck, Germany)
containi *rn:% rogen peroxide was mixed with homogenized tissue samples. After 10
mi ::5@ mmonium molybdate was added to the solution to produce the color reaction. The

optica sor&nce of the colored mixture was measured at a wavelength of 410 nm using a

593 nm. The activity of catalase in the samples was measured

spectrophotometer.



Statistical analysis

[ ¢

Biochemical assay data are expressed as the mean+SD of at least five experiments‘infeach group.
They were analyzed by ANOVA using the SPSS program, and the signiﬁcar&fferences
between experimental groups was tested by Tukey's post hoc test. The P value less than 0.05 was

4

considered statistically significant. ‘

3. Results o \ _

The effects of IPC+opium on enzyme release

//

Significant differences were observed between t ifferent @penmental groups in terms of
enzyme release (ALT, AST). As shown in t cﬁ Table, a significant increase in ALT and
AST levels was observed in the 1schem1a rep up (118.67+17.68 and 108.13+12.33,

respectively) compared with the control, grou 27+8.52 and 29.13+8.19, respectively)
(P<0.005). However, the use of II;QaSSOJ;ed with a significant reduction (P<0.0001) in
ALT and AST levels in the ‘group eicing the treatment compared with the IR group
(78.9+15.19 vs. 118.67x17. nd ~i9 19 vs. 108.13+£12.33, respectively). It was found that
the simultaneous application \lm and IPC enhanced the protective effects of IPC, as shown
by various assessmﬁ parameters, including changes in biochemical values. The levels of ALT
and AST in t +IR group decreased significantly (P<0.01-0.001) from 78.9+15.19
to 49.04 { \

3+9.19 t0 49.67+12.32, respectively. No significant increases in the levels
Nld SST were observed in the naloxonetopium+IPC+IR group compared to the
opium+IPC+#IR group.



Table. The values of AST and ALT (IU/L) in different experimental groups applied in tgpresent study.
These values are expressed as mean + SD obtained from at least 5 experiments in each group.

Groups AST (IU/L) ALT (IUﬂ\ N
Control 29.13+8.19 ¢ 272 NS
IR 108.13 + 12.33 2 14K67i17
IR + IPC 713i919o 789\1519b
Opium + IPC + IR 4967ﬂ§232° \4904113210
Naloxone + Opium + IPC+IR  68.95 £6.92 76.11 + 13.84°

a, b, ¢, and d: Different superscripts in each column indicate significant differences (P<0.05)
between different groups. &

Abbreviations: AST: aspartate ami rans ALT alanine aminotransferase; IR: Ischemia-
reperfusion; IPC: Ischemia pr ni 3

The effects of IPC+opium 0x1Ne changes induced by IR

The results of the >€atlv xss indices (MDA, SOD, CAT, TAC) assessment showed
significant dlfferen es among-rhe different experimental groups. As the Figure 1 shows the MDA
level (1(; eased in the IR group compared to the sham-operated (control) group

i4 X4 25, P<0.0001). However, there were significant decrease (P<0.0001) in
the actiyities sSOD (18.08+0.49 vs. 23.16+1.45) (Figure 2), CAT (31.51£9.24 vs. 109.1£8.08)
(Figure 3), and TAC (46.49+1.77 vs. 88.49+5.04) (Figure 4) in the IR-treated group compared to

10



the control group. MDA levels in the IPC and IR groups were 48.98+0.61 and 71.63+4.3,
respectively, showing a significant reduction (£<0.0001) in the treated group. Tl@results showed
that the activity of SOD, CAT and TAC were significantly (P<0.05-0.001) incre in the IPC
group with the values of 20.77+0.11 vs. 18.08+0.49, 83.66+1.31 vs. 31.SIiMd 8:38+1.07
vs. 46.49+1.77, respectively. The level of MDA in the opiumﬂfxwly decreased
significantly (P<0.01-0.001) from 48.98+0.61 to 38.6+0.28. The amotint'of CAT and TAC in the
opium+IPC+IR group was also significantly increased con@to\ IPCHIR group (P=0.01)
with the values of 100.094+2.38 and 77.58+3.31, Qpectivel;g Hov:>er, the application of
naloxone, as opioid antagonist, inhabited the change in. in the Values of some parameters. A
significant increase in MDA level was observed in oxonﬁopiumﬂPCHR group compared
to the opium+IPC+IR group (60.04+1.33, vs. 38.6%0.28," P<0.001). A significant reduction
(P=0.001) in the levels of SOD, CAT, and TACwas bserved in the naloxone-treated animals
compared to the opium+IPC+IR group ( .54iM. 22.2240.57, 53.81£5.17 vs. 100.09+2.38,
and 61.61+1.42 vs. 77.58+3.31, reg y). '&re was a significant increase in MDA level as a
marker of lipid peroxidation in“the ra x;’osed to 1 hour of ischemia followed by 2 hours of
reperfusion compared to the group r&iving opium and IPC. There was also a significant decrease

(P<0.0001) in the activities \Sb, CAT, and TAC in the IR-treated group compared with the
opium+IPC group. f

W\

D)

_ 4
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4. Discussion 'C \\

The present study was designed to investigate the protective effects of the simultaneous use of
opium and Iﬂ Mced injury. It was hypothesized that while the application of IPC is able

théyadministration of opium before the application of a 10-minute ischemia and 10-
mi&erf ion cycle, may significantly accelerate the protective effects of IPC. This suggests
that opioids can be involved in the protective mechanism of the IPC method.

15



IRI in the liver is a pathophysiological phenomenon associated with surgery, liver transplantation,
hemorrhage, hypovolemic shock, and partial hepatectomy. Studies show that ﬁis injury is the
major cause of death in the surgery and liver transplantation through the produ of various
proinflammatory agents including cytokines, circulating chemokines, and ROS, which 1§, leading
to the damage of distant organs (Shen et al., 2020). Shen et al. (202 )\Mthpt the liver
exposed to IR is associated with increased liver enzymes and or@an‘failure leading to liver
dysfunction. They showed that the livers exposed to 1 hout of 1 he}ﬁ followed by 2 hours of
reperfusion showed a significant increase in serum leyels of %T an(sST, as well as tissue
changes due to oxidative stress. The results of the pres udy are‘consistent with the results of
many other studies. However, it was found that the simultangous application of IPC and opium
before ischemia was able to inhibit the inciea edbs of AST and ALT induced by IR in the
liver. Kim et al. (2020) showed that the ap llisgon &by 10 min of hepatic ischemia followed
by 15 min of reperfusion before 45 min isclﬁn s able to inhibit the elevated levels of AST

and ALT. Lin ef al. (2019) also reported thatt
(2019) >p

improve the function of this organ by e e'cging the antioxidant activities (Lin et al., 2019). The

application of IPC before hepatic ischemia can

efficacy of opium and IPCtin C(&olling oxidative stress has been investigated in various
experimental models. The w &Shen et al. (2020) also shows that when the liver is exposed to
IR, various indicat£ of oxidglve stress, including MDA, are increased and the level of SOD and

However, ountiof SOD, TAC, and catalase were significantly increased in the Opium+IPC

grcNmpid with the IR group. It can be concluded that the changes in the
oxidative/antioxidant indices in the groups exposed to 1 hour of ischemia followed by 2 hours of

16

catalase actT's aWreased, as it occurs in the present study (Soltanpour et al., 2022).
e



reperfusion is an indication of the occurrence of oxidative stress in the acute phase of the hepatic
warm IR model. These results are consistent with the findings of other ﬁdies including
Yarahmadzehi ef al. (2020) and Li et al. (2014). The protective effects of opium may-be due to the
prevention of oxidative stress by increasing antioxidant activities. There is eviden e thag,various
opioid compounds including papaverine, morphine, and protopine are ablg Mmpmdant and
anti-inflammatory effects (Jian et al., 2019). Studies show that opioid§*can, pla

in reducing IR-induced injury in various organs, including tk@ (Warﬂetﬁhou). Morphine

n important role
has been shown to have promising effects in patientsqwith myo{ardial infarction by exerting an
anti-inflammatory effect (Dorsch et al., 2016). There i idence that fentanyl was also able to
reduce infarct size and increase cardiac contraﬁ unction. In addition, remifentanil, an

ultrashort-acting opioid, has shown similargcardiopretective effects to fentanyl (Annachhatre &

Annachhatre, 2019). Yarahmadzehi et al. (2 : rM that opium was effective in reducing
ischemia-induced brain injury by increasing , antioxidant and anti-inflammatory activities,
ultimately leading to the neuroprot}e fect. )

Q b

Recent studies suggest that ioge s opioids are involved in the protective effects of IPC in the
IPC

treated organs. Husain 2%
induce the protectl? cts

opioid agonist suchjas morphine can reduce retinal ischemic injury (Husain et al., 2009). In the

eported that activation of opioid receptors is required to

in the retina and showed that the use of a broad-spectrum

presentstud Mat the administration of opium before the application of IPC increased
th h antipxidant activities in the liver tissue exposed to ischemia/reperfusion injury.
szehl et al. (2020) reported that the protective effects of various opium alkaloids
(morphine, papaverine, protopine, and berberine) against postischemic brain cell death may be

17



exerted through the anti-inflammatory mechanism. It has been shown that the therapeutic effects
of berberine as a natural compound against diabetes mellitus and insulin reﬁstance may be
partially contributed to its antioxidant and anti-inflammatory activities (Li et al., 2 . It has also
been shown that the neuroprotective effects of papaverine are exerted through anti<inflammatory
and antioxidant properties (Solmaz et al., 2022). Finally, there is evide W}lﬁne induces
both oxidant and antioxidant activities by producing ROS and 1ncr€as g SOD and glutathione
reductase in peripheral blood cells (Zhang et al., 2004). o A o

5. Conclusion ‘

In the present study, it was shown that the si S a@lication of opium and IPC can
accelerate the reduction of hepatic enzymes ¥ox' tivegstress induced by IR in rat liver as well
as improving the antioxidant activities. T accelerating effects of opium are probably due to the
antioxidant role of morphine and o kgaloi present in the opium. So, the results of the
present study showed that the sir’u us,use of opium and IPC can be more effective in the
reducing ischemia- reperfusw nju It can be concluded that the simultaneous use of opium and
IPC may open a new p ct 1& mechanisms of action and may be a promising method to
protect the liver agai cﬁ in the future.
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